A semiempirical theory of vibrational and electronic reciprocation, in both degenerate and nondegenerate electronic states, is developed under the assumptions that (1) a molecule may be accurately described by the adiabatic approximation; (2) solutions of the electronic and vibrational SCHRÖ-DINGER equations for some fixed molecular conformation are available; (3) the electronic wave functions may be analytically continued to vicinal geometries; (4) the power series expansion of the electronic wave functions and HAMiLTONian operator, in terms of nuclear displacements, may be truncated at degree two; and (5) first order perturbation theory is applicable.
A semiempirical theory of vibrational and electronic reciprocation, in both degenerate and nondegenerate electronic states, is developed under the assumptions that (1) a molecule may be accurately described by the adiabatic approximation; (2) solutions of the electronic and vibrational SCHRÖ-DINGER equations for some fixed molecular conformation are available; (3) the electronic wave functions may be analytically continued to vicinal geometries; (4) the power series expansion of the electronic wave functions and HAMiLTONian operator, in terms of nuclear displacements, may be truncated at degree two; and (5) first order perturbation theory is applicable.
The formulae derived for nondegenerate electronic distributions are employed to compute the intensities of the HERZBERG-TELLER ("vibronic") type absorptions of normal benzene, the cyclopentadienide ion, and the tropylium ion. For convenience in numerically evaluating the requisite phenomenological vibronic constants, the LENNARD-JONES approximation is introduced. The resultant accord of experiment and theory is good.
To test the educed mathematical expressions for either essentially or fortuitously degenerate electronic dispositions, extremal energy calculations are performed for the cyclobutadiene and benzene molecules, the cyclopentadienyl radical, and the benzene plus one ion. It is found, in agreement with the JAHN-TELLER theorem, that all these systems are configurationally unstable with respect to some asymmetric nuclear displacement. The utilization of the LENNARD-JONES approximation again permits a numerical specification of the required vibronic parameters. Application is then made to the ultraviolet spectrum of benzene: the second singlet absorption system and the RYDBERG spectrum are theoretically interpreted in the light of the reckoned predictions. An attempt is made to answer the four cogent queries of WILKINSON concerning the nature of JAHN-TELLER interactions in the RYDBERG spectrum of benzene.
A mathematical and pictorial description of the nuclear dynamics of JAHN-TELLER and HERZBERG-TELLER molecules is also given, and the portraitures of the underlying potential surfaces are verbally and diagrammatically painted. In addition, a critical discussion of the reality of both the computational techniques and of the emergent algebraic forms is presented, and paths for future progress are indicated. A censorius discourse on the flagrant abuse of the phrase "JAHN-TELLER effect" is appended; it is recommended that its use be restricted to the dynamical manifestations of the theorem of JAHN and TELLER (e. g., forbidden asymmetric vibrational progressions and abnormal paramagnetic behavior). Statical demonstrations of the theorem are better ascribed to intrinsic JAHN-TELLER instability.
I. Isagogics
In the conventional approach to the theory of molecular structure it is supposed that the electronic and nuclear motions may be regarded as separable, the electrons being assumed to follow adiabatically the nuclear movements 1 . With the exception of kinetic phenomena, this approximation adequately describes the observed spectral and structural characteristics of polyatomic systems. Due to the problems in theoretical chemistry and physics such suppression entails only slight impairment of descriptive accuracy. However, it is quite obvious that this concealment of nuclear-electronic interaction completely beclouds the proper visualization of those phenomena intimately associated with joint nuclear and electronic spatial excursions, as we have thereby stipulated that the electronic charge distribution does not become polarized in the coulombic field of the displaced nuclei 2 . Now there arise two problems in the characterization of polyatomic systems which require that explicit cognizance be taken of this variation of the electronic wave function with nuclear displacements: the rationalization of the spectral appearance of electronic transitions which are forbidden in the fixed nuclei approximation 3 ("vibronically" allowed transitions) and the ascertainment of the conformational stability of assumed molecular geometries 4 . An exact account of such problems is prohibitively difficult 2 ' 5 and so, at the outset, one is forced to seek a simple self-consistent, qualitative portrait of nuclear-electronic reciprocation. In the past, several semiempirical schemes have been formulated to account for the appearance of electric dipole "forbidden" electronic transitions 6 and the stability (or instability) of certain molecular structures 7 . It is the intention of this paper to outline in some detail another scheme of this sort which, however, is, at one and the same time, applicable to both the intensity and stability problems, as these problems are 2 Parti: A. D. LIEHE, Z. Naturforschg. 13 a, 311 [1958] ; Errata, ibid., 596. An important additional misprint is to be found in the abscence of a minus sign in the definition of the yu energy matrix element given in equation (2.3 -12) . Also in eqns. (1.3 -7, 8. 11 ) the prefacing minus sign should be raised. 3 G. HERZBERG and those of hexacoordinated transition metal complexes by A. D. LIEHR and C. J. BALLHAUSEN (Phys. Rev. 106, 1161 [1957 ); S. KOIDE and M. H. L. PRYCE (Phil. Mag. 3. 607 [1958] ), R. A. SATTEN (J. Chem. Phys. 29. 658 [1958] and E r r a t a . ibid. 30, 590 [1959] ) and W.R. THORSON (J. Chem. Phys. 29, 938 [1958] where o is the carbon-carbon single bond force constant and xr,r + i -s measures the deviation in the length of the bond between carbon atoms r and r + 1 from its equilibrium value, s. Thus, in the HÖCKEL or PAULING pictures 10 terms such as these contribute to the first order energy alone; not at all to perturbed wave functions. The first order eigenfunctions here depend exclusively upon the variation of the vT-electronic-nuclear coulombic potential energy, that is, upon the variation dßr,r + \ (HÖCKEL) or djr<r +1 (PAULING), of the "resonance" integrals, benzene is given in A. D. LIEHR, Canad. J. Phys. 35, 1123 [1957] and E r r a t a , ibid., 36, 1588 [1958] . 7 The stability of octahedral transition metal complexes has been mathematically investigated by J. H. VAN VLECK (J. Chem. Phys. 7, 61, 72 [1939] and subsequently applied to several molecules. This latter treatment, however, suffers from the limitations imposed by the approximate nature of the HELLMAN-FEYNMAN formulation for poor electronic wave functions 26 . ßr,r +1 or Jr,r +1? characteristic of the carbon atoms r and r+1. This variation is most conveniently expressed in terms of the LENNARD-JONES approximation 9 ' 11 in which
where x is the carbon-carbon double bond force constant, d is the length of the carbon-carbon double bond in ethylene, and s is that of the single bond in ethane.
It is found that the explicit form of the perturbed eigenvalues and eigenfunctions hinges strongly upon whether the initial electronic configuration is nondegenerate of degenerate (either essentially or accidentally) . If nondegenerate, the energy expression contains no terms linear in the nuclear coordinates and all the effects of the 7i-electronic-nuclear interaction delineated above are weighted by the reciprocal of the energy separation between the given and perturbing Ji-electronic states; if degenerate, this weighting factor is absent and the energy is linearly dependent upon some asymmetric nuclear displacement. The presence of this linear dependence in the latter case implies' static configurational instability, and the analytical solution of the resultant algebraic expressions for the electronic energy as a function of the nuclear coordinates (expressed in symmetry coordinate language) leads to equations which determine the truly stable configuration.
The use of the perturbed nondegenerate characteristic functions to compute the electric dipole transition probabilities and oscillator strengths, /, in the 11 For an extension of the LENNARD-JONES The application of the analytical energy expressions, which were determined above for degenerate characteristic states, to the problem of the stability of the regular polygonal forms of cyclobutadiene (C4H4) and certain of the excited electronic states of benzene (cases of near accidental degeneracy), the cyclopendatienyl radical (C5H5), and the benzene plus one ion (C6H6 + ) predicts, in the HÜCHEL approximation, that these highly symmetric geometries are statically unstable. The difference in the bond distances between the reckoned equilibrium configurations and the assumed cyclic aromatic conformations is quite sizeable. In particular, cyclobutadiene is found to take on a rectangular form; whilst the benzene excited electronic states under consideration, the cyclopentadienyl radical, and the benzene plus one ion are found either to (a) assume static configurations of symmetry Coy and Ü2h, respectively 14 , or to (b) undergo complex vibrational motions about such static configurations in a manner which yields, on the average, regular polygonal and 4 of this paper, that of higher energy may be shown to be located at saddle points and that of lower energy to be placed at minima, by the analytical method described in the body of the present paper. There exist as many saddle points and minima as there are distinct permutations of the bond distances presented in these tables. symmetry [which behavior is actually exhibited is strongly dependent upon the magnitude of certain quadratic nuclear coordinate terms appearing in the energy equations lo ]. The valence bond theory has been previously shown to yield similar predictions for the cyclopentadienyl radical and the benzene plus one ion 14 . It has long been recognized that the HÜCHEL and PAULING theories yield divergent results for the case of cyclobutadiene 14 , and the results obtained here substantiate this fact quite dramatically. A confirmation of the theoretically expected instability seems to have been observed 16 in the RYDBERG spectrum of benzene 17 . It is possible that additional confirmation may be found by a combination optical and mass spectrograph^ investigation of the myriad of possible simple aromatic anions and cations which are known to exhibit degenerate electronic states 12 .
II. General theory of vibronic interactions § 1. The intensity Problem
With the advent of quantum mechanics, radiation theory underwent a major upheaval. The BOHR quantum principle permitted the RUTHERFORD In the event that an adiabatic separation of nuclear and electronic motions is feasible, the optical energies of molecular systems are determined, according to SCHRÖDINGER, by the partial differential (eigenvalue) equation
where the differential operator, Jf(ri,3a), is the appropriate electronic (molecular HAMiLTONian.
parameterized by the nuclear coordinates, <c>a. The 
If, perchance, this latter integral should vanish at the equilibrium configuration, {%a = 0}, for reasons of symmetry, the optical jump N M, is said to be electronically forbidden. In many cases, although the zeroth order member, (./V|r|Af)0, of the power series expansion of the dipole length, ( jV j X I M ), in terms of the nuclear displacements, $>a, vanishes identically, the remaining constituents do not: the electronic transition is then designated as electronically forbidden, but vibronically allowed. A spectral absorption or emission is denoted as a "mixed" electronic and vibronic transition if electromagnetic polarizations characteristic of both the electronic and vibronic electric dipole components are observable. The "pure" electronic intensity problem has been exhaustively discussed in the 1941 review article of MULLIKEN and RIEHE 20 ; and the associated "mixed" electronic-vibronic intensive- 15 The corresponding dynamical problem for a mathematically simpler molecular system has been described by 
As we are solely concerned with electronic configurations for which the zeroth order electric dipole strength vanishes, but whose first order strength does not, our discussion will henceforth be centered about the algebraic evaluation of the matrix elements, (iV|r|Af)ai [the higher order terms will be neglected in the interests of clarity; no significant errors are introduced by this truncation].
The determination of the requisite constants, ( N | r | M)a$, rests upon the solution of the appropriate molecular SCHRÖDINGER equation, equation (3) . For all but the simplest diatomic molecules, where and where the ©^(ij) are the variational solutions, ^KiXi, 0), of equation (3) for the equilibrium conformation, = 0}; the 6k(Xi, 3<z) are the "analytical continuation" of the equilibrium functions, ©jj! (rt); and the @jc{li) are their nuclear gradients, WSa"0 ek (xi, §a) [the unperturbed energy levels are denoted by k and those to be perturbed, or alternatively, which are perturbed, by K]. As the gradient functions, ©^.(r,), produce a negligibly small contribution toward the intensity of electronic transitions in aromatic hydrocarbons 23 , the desired matrix array, (N\x\M)af, can be expressed as succeeds: 
that the energy denominators in equation (7) reduce the effectiveness of the ground electronic state as an intensity "robber". Hence, we may surpress all ground state contributions, to good approximation, and write sas(N I r I Af)«* = 2 c;M (sa~) (n | r I / >0.
(9) j Intensity formulae may now be readily derived. Recasting the linear coefficients, CjM(3a)> terms of nuclear normal coordinates, Qt, instead of local atomic displacements,
, we obtain as an alternative form of equation (7) :
where the vibronic parameters, DJMJ, assess the magnitude of the vibrational-electronic integrals of equation (7) where, by equations (9) and (10),
The intensiveness of the spectral jump, N M, is then given by openly inserting the hitherto hidden nuclear expectation integral into equation (2) : In setting down equation (13), we have injected several simplifying assumptions 2 : (a) that intensity is "stolen" predominantly from the energy level j; (b) that, in so far as nuclear integrations are concerned, the normal coordinates of the excited and ground states are identical; and (c) that the ground electronic state is not vibrationally "hot".
More usually the intension is expressed as the number of harmonic oscillators, radiating or absorbing at the self-same frequency, v(N -> M), which would produce a spectrum of equal intensiveness. This (pure) number, called the oscillator strength, /, of the optical band, is thus defined by the relations [E is as given in equation (2) ] 24 :
Therefore, the oscillator strength of the spectral transition N M is identifiable as are larger that naught; and so on. It is the delineation and application of such a perturbational approach to which we shall now attend.
As is widely recognized perturbation theory is naturally partitioned into two compartements -that which contains nondegenerate electronic distributions and that which holds degenerate configurations. In the nondegenerate case, considered in Paper I 2 , the forces experienced by the nuclear skeleton in the initial conformation, {<oa = 0}, are given by the components of the energy gradient 2 ' 5 VSfl=0£K(Sa)=VSa=0 (16) •{.faita, *«)•*(*,*«) 0K(r,,3fl) dr}, which components also assess the first order energies due to displacements 26 . This initial conformation is generally chosen to be as symmetrical as is consistent with physical reality. Thus, if we are concerned with the ground state of a molecule such as cyclopropane, it is natural to assume, for a start at least, that this compound exhibits trigonal (D3h) eurythmy. Then if, as is consistent with our working assumption, the electronic eigenfunction calculated for the ground state in this geometry is nondegenerate, it is easily shown by means of symmetry arguments that the configuration experiences no forces due to asymmetric nuclear movements. Hence, the assumed geometry is at least in equilibrium with respect to all but totally symmetric displacements. Similar arguments hold also for degenerate electronic states of linear molecules such as acetylene. This reasoning does not, of course, insure the stability of such symmetric nuclear arrangements: for the ground state of cyclopropane, the equilateral triangle is stable; but the acetylene molecule has bent excited states. The decisive stability argument for these systems thus involves not the nullity of the energy gradients dEit(%a)/dsa*, which is here trivially satisfied, but the positiveness of the harmonic energy contribution 27
a, b
For degenerate electronic states, however, a rather different situation is encountered. Our symmetric 26 A. D. LIEHR, Trans. Faraday Soc. 53, 1533 [1957] . The imposition of the requirement of numerical invariance with respect to the energy null point reveals a serious typographical error in equation (22) More particularly, the nuclei will experience forces which are nontotally symmetric. This latter phenomenon has been called "the JAHN-TELLER effect" (but see the ranting of Section VII § 3). The first order perturbation theory for this case will be given presently. The application of the theory to cyclic aromatic hydrocarbons will be considered in the sections following 7 .
If the component nuclei of a given molecular system are displaced, only the matrix elements of the electrostatic potential energy, V, will vary 2 ' 28 . The magnitude of this variation, for small displacements, is given by the power series expansion
where
In matrix form, the electronic dynamical equations of motion for the displaced nuclear arrangement may be written as
where the matrix AV is defined by the relation
27 These second order terms also determine the molecular force field ("force constants"). Vide, e.g., R. G. PARR and 108 [1958] . In this paper we shall have no further traffic with this important aspect of the stability problem.
28 Although we include the energy contributions to the coulombic matrix, A V, engendered by the spatial variation of the electronic charge cloud, ^K^i, 5a), by this procedure, we do neglect, in the interests of simplicity those produced in the kinetic energy and correlation matrices, ((-h 2 /2m) V 2 ) and {e 2 /r12), respectively, by similar charge alterations. However, if it be desired, the latter of these energy additions could be taken into account semiempirically by recourse to the PARR approximation [as discussed in Appendix III, Paper I] 2 .
Please note that this definition of AV allows not only for the change in the coulombic energy, V, but also for the concomitant alteration of the charge density functions, W n{Xi, 3a). Assuming that our matrix representation diagonalizes our undisplaced HAMiLTONian,^o, to good approximation, and that its diagonal elements are essentially those of the true eigenmatrix E0, equation (19) may be more simply expressed as succeeds 28 :
Now perturbation theory coupled with the symmetry "selection rules" of JAHN and TELLER, previously discussed, predicts, in general, only a small second order energy increment for those eigenvalues which correspond to distinct electronic configurations; while a rather large first order energy decrement is foretold for those characteristic values which relate to ambiguous electronic distributions.
As it is the latter case which is of especial notice at this time, we shall omit from equation (21) all but the degenerate submatrix which is of prime interest to us. For illustrative clarity, we take this array to be two by two. Equation (21) may then be displayed explicitly:
so that the attendant change in electronic energy, 
AE, is
AE=l(AVNN + AVMM) (23) ± i v (AVNN -AVMMy 2 + 4 I A V]NM I 2 '.
III. Intensity calculations § 1. Benzene
If suitable analytical continuations of the GOEP-PERT-MAYER and SKLAR wave functions are inserted into equation (7) 2 , the scrambling parameters Cjg , (j = x,y; K = u,v) , which connect the "forbidden" 
In equation (24) 
equal to 31
where d is the double bond distance in ethylene (1.33 A), s is the single bond distance in ethane (1.54Ä), y. is the double bond force constant in ethylene (9.80 • 10 5 dyne/cm.), o is the single bond force constant in ethane (4.96-10 5 dyne/cm.), and X P,P±I is the actual bond length between carbon atoms p and p ± 1 in the molecule under discussion.
The LENNARD-JONES approximation, equation (25), is just the statement, that the ^-electronic energy of ethylene, 2 J' @p(x)t> (r) &p + 1(x) dr (usually denoted by 2 ß), may be proximately equated to the difference between the double bond harmonic potential in ethylene and the single bond harmonic potential in ethane, to within a constant. An approximation of this sort completely neglects the complications of hyperconjugation, hybridization, nonparabolic potentials, and so forth.
If the equilibrium bond distance (i. e., the bond distance for the nuclear conformation {3a = 0}) between carbon atoms p and p+ 1 is called x^p+\, and its deviation, xPtP + 1 -xp>p+i , is christened t]p, the nuclear variation of the resonance integral may be recorded thusly [n equals the number of aromatic carbon atoms, six for benzene]
71
The constants n a and bp in equation (26) are defined as £ (x -a) and
each. The requisite nonvanishing gradient expression for our intensity calculation is therefore
When it is recalled that the configurational "perturbation"
2X-vSa=0

• {/ dr,-&; (XI, 3a) [jr (r,, S.) -E°K] QK(r,,
sB)}, (j = x,y; h = u,v) , may be registered as [32] [33] [34] a 2> a -V So=0 -£2|t;)
and M = 0 (by virtue of zero overlap 32 ' 33 ), the utilization of the LENNARD-JONES approximation, as embodied in equation (27) (j = x,y; K = u,v) , of equation (7), to be set down as
with [since n is six for benzene]
To obtain the normal coordinate blending parameters DjKj, (j = x,y; K = u,v) , of equation (10), we must first rephrase the coefficients CjK , (j = x,y; K = u,v) , and hence the symmetry coordinate (species fyg),^2, in terms of the appropriate normal modes, Qt. The desired transformation which accomplishes this task is readily obtained by a normal mode analysis of the benzene vibrations of symmetry class 2 Evg . The net result is that
where (N-*v) should be ~ 10 -2 times smaller than f(N-^u).
The agreement with experiment is quite pleasing. § 2. The Cyclopentadienide and Tropylium Ions
We have seen in § 1 that the semiempirical approach to the intensity problem in benzene yields results in excellent accord with experiment. But, unfortunately, the procedure outlined therein can not be used for the delineation of most aromatic compounds, as the sparsity of experimental data negates the needful normal coordinate analysis. In this paragraph we shall sketch an approximational system which utilizes proximate normal modes and use it to estimate the intension of the cyclopentadienide and tropylium spectra. The worthiness of the method will be first established by a preliminary test calculation on benzene.
Now from simple hydrocarbons we know that the normal librations of carbon ring systems approximate motions which can be conveniently classified as pure carbon-carbon bond stretchings, pure carboncarbon angle bendings, pure carbon-hydrogen stretchings, etc. Hence, we should like to find symmetry coordinates which most nearly resemble such movements; these excursions should then also be fair estimates of the true normal displacements. A diagramatic study shows that it is the complex cartesian symmetry coordinates 2 an d rather than the complex internal symmetry modes which most adequately fulfills this role 33 (j = x,y; M = u,v) , have as their structure
The employment of the same benzene parameters as used in § 1 yields [by equation (15)] the oscillator strengths of the *Alg 1 Biu, 1 B9U transitions as 0.1 and o(10 -3 ), respectively 36 . We thus see that the concurrence with both experiment and our previous computations is very good, and that generalization to homologous molecular systems looks promising.
The extension of the above procedure to the cyclopentadienide and tropylium ions is easily accomplished. Since these systems are isoelectronic with benzene, one need only substitute for o) the quantity exp[2 71 ijn), (n = 5, 7), in the corresponding benzene vibronic matrix elements [32] [33] [34] , and change all summations over six carbon atoms to summations over five or seven carbon atoms 37 . The states 1 Biu and 1 B2u of benzene then coalesce into the degenerate states 1 E2' and 1 E3' for the cyclopentadienide and tropylium ions, each; whilst the 1 Elu configuration of benzene goes over into the 1 E1' configuration of the cyclopentadienide and tropylium molecules. Thus, whereas only displacements of symmetry e2g disturbed the benzene electronic distributions, now excursions of the two different cliques e/ , (/ = 1, 2; or 2, 3), perturb the cyclopentadienide and tropylium ion electronic states, separately.
The energetic positions of the various electronic configurations of the cyclopentadienide and tropylium molecules may be gauged quite readily. From simple molecular orbital theory we learn that all four of the excited electronic states of benzene (n = 6), cyclopentadienide (n = 5), and tropylium (n = 7) lie at the self-same spectral location, (28) and (31) with equation (38) then shows that the total vibronic interaction in the cyclopentadienide and tropylium molecules should be roughly ]/6/n times the total vibronic interaction in the benzene molecule. Secondly, since the tran- 38 The experimental benzene optical assignments we take to be 7.0 ( X EIU), 6.2 ^Biu), and 4.9 e.v. OBgu), (n = 6), in accordance with current beliefs. 39 These results compare very favorably with both the experimental data and the more precise PARISER-PARR energy computations of MURRELL, and MCEWEN 12 . [The analogous resonance energies have been reported by F. sition dipole is closely proportional to the molecular orbital normalization constant 1/Vn times the number of carbon atoms n, (n = 5, 6, 7), the intension of the allowed 1 E1' band, f(N-+x,y), should be nearly n/6 that of the related benzene 1 EJu band. Therefore, by equation (15) we should presage that the 1 E/, (/ = 2or3), oscillatory power, f (N-+u,v) , of the cyclopentadienide and tropylium ions should be (l/6/n) 2 (n/6), that is 1, times the corresponding 1 Bju power of benzene. To summarize, we predict that cyclopentadienide and tropylium should have a strong band system around 62,000 and 50,000 cm -1 . 
IV. Statical stability computations § 1. Cyclobutadiene
It is often said that the cyclobutadiene molecule is unstable because it does not possess "resonance energy". In actuality, this statement is a very misleading a posteriori deduction based upon the rather inexact correlative, the socalled "resonance stabilization". A satisfactory explanation of the nonexistence, and hence, presumed instability, of the cyclobutadiene molecule requires an explicit demonstration of the nonexistence, in a jr-electronic system, of an energy extremum at a square geometry. This situation we shall demonstrate.
In the naive molecular orbital picture the ground electronic state of the cyclobutadiene molecule is accidentally triply degenerate. As more sophisticated treatments, such as that of MOFFITT and SCANLAN 42 ,  show that these three electronic states, the ^ig •> J Big, and x Alg dispositions, remain contiguous, but not osculatory, even within rather exact theories, cyclobutadiene should be susceptible to pseudo A perusal of the nuclear luxations peculiar to a square 14 -33 leads to the conclusion that under no circumstance may the 1 Bog and 1 Blg configurations of cylobutadiene interact vibronically. Further, the invocation of the LENNARD-JONES procedure [equations (25) or (26)] nullifies the matrix linkage of the and *Aig electronic states. Now, within the LENNARD-JONES framework, the complete specification of the vibronic problem pivots upon the particularization of the TI-and o-interaction array, A V^Y [see equations (20) - (23)]. If we name the 1 Blg and 1 AJg distributions @y{Xi, £a) and &Z{Xj, <oa), in the order given, the necessary ^-interaction elements are then (by use of equation (26), with n equal to four) 14 -33 :
, {N = y,z) ,
The close analogy between the determination of 2 p TI molecular orbitals and nuclear displacements of fixed symmetry, permits one to scribe the bond stretching symmetry coordinates of an n-sided polygon as [compare with equation (31) Therefore, AV° , that is,
has the alternant forms
The total vibronic potential thus attains the final structure 
We have signified by w the sum of 2 a and a/2 [which, by the way, is equal to j (y. + o)~\. The coefficient of the linear term in the totally symmetric (alg) nuclear luxation^0 is naught 43 : it represents the LENNARD-JONES identity from which the equilibrium bond distances, Xp,v+\ , are determined 9 ' 44 .
The ascertainment of the true equilibrium geometry necessitates the extremization of the energy relation (46). This process is most readily accomplished in a polar reference frame; therefore, we equate the symmetry coordinates-^fto a product of 43 It is physically obvious that the totally symmetric displacement o can not give rise to a force which will destroy the square configuration of cyclobutadiene: if the initial square conformation was stable with respect to completely symmetric movements, that term in the energy expression (46) which is linear in must vanish identically.
an amplitude factor q* and a phase factor exp [i<£>f] :
In such a coordinate network equations (45) 2 . A diagramatic portrait of the allowed ßig nuclear motions of the cyclobutadiene molecule. The small darkened circles designate the two equivalent (distorted) static equilibrium structures, and the heavy lines signify the cusp which separates these. The two equilibrium (Ü2h) configurations are given by the dotted and dashed traces, respectively, and the path along which they interconvert (see also Fig. 1 ) is indicated by heavy arrows. This interconversion assumes the aspect of a "pseudo rotation".
the present capability of portraying the resultant energy curves, Figures 1 and 2 , quod vide.
In Fig. 2 it is shown that the true equilibrium geometries consist of alternating single (5) and double (d) bonds 45 . This conclusion of molecular orbital theory is not novel, but has been previously discussed by , and by CRAIG 46 in some detail. What our narration of the conformational instability of cyclobutadiene has added to the existent theory is the modus operandi of the destabilization forces. § 2. The Cyclopentadienyl Radical
Before we can consider questions concerning the conformational stability of the cyclopentadienyl radical and the benzene plus one ion ( § 3), we must digress a bit into some necessary analytical preliminaries. Upon concluding this mathematical digression, we shall return to the problem at hand: the stability of the cyclic forms of the cyclopentadienyl radical and monopositive benzene ion.
Since the cyclopentadienyl radical and the benzene plus one ion are isoelectronic, we can treat both molecules simultaneously. We need only keep in mind that the summations run from 0 to 4 in one case and from 0 to 5 in the other. The appropriate configurational functions (doubly degenerate), (;=±1), are then readily set down In the absence of spin-orbit coupling, we may confine our attention to states of spin +1/2. Therefore, according to equations (22) and (23) (26) and (44) 
The term linear in JVQ , which will automatically appear in any formula for AVn , vanishes once it is noted that the equilibrium bond distance Xu,u +1 is described by the relation 44 ' 48
The substitution of the AV matrix, equation (50), into equation (23) 
If we revert to the polar representation of our symmetry coordinates^|, equation (47) 
V2
AV1-1
In the event that the quadratic terms in the formula for AV1_1, equation (50) We shall now specialize to the case n equals 5, the cyclopentadienyl radical. 47 In agreement with group theoretical predictions 14 , we see that it is the coordinate of symmetry s2', ±2, which induces the conformational instability of the regular pentagonal form of the 2 Et" electronic configuration of the cyclopentadienyl radical. 48 A simple extension of the argument propounded in footnote 43 produces the physical reason for the nonappearance of ^Vo in equation (50).
At these extrema the energy attains a magnitude of
AE-w^fi
(58) f=o
±[bq2 + a(2q0 q2 + 2(-\) k qx ft + ( -l) z tf)] •
Numerical evaluation shows that q0/\/5, qJV$, and q2/VS are approximately 0.002, 0.001, and 0.017 Ä, each. The usage of slightly more refined values of q* in equation (58) and the unitary inverse of equation (40) produces numerical results which are the same as those printed in Table 2 The issuant potential energy surfaces consist of two distinct sheets: the lower sheet possesses five minima and five saddle points placed at cp2 equals 2 m Ji/5 and (2 1) CT/5 , (m = 0, 1, 2, 3, 4), respectively; whilst the upper sheet has as its sole energy extremum a cusp at the origin. The upper surface is nearly conical, having but a feeble <p2 4*2 -0° movements of the cyclopentadienyl radical. The small darkened circles denote the five equivalent (distorted) static equilibrium geometries, and the heavy lines depict the saddle points which segregate these. The equilibrium (C2v) configuration, attained for <ps=0, is given by the dashed trace, and the path along which it interconverts is indicated by the heavy arrows. This interconversion adopts the semblace of a "pseudo rotation". 49 It is interesting to note that, though the bond distances undergo a considerable change at the new equilibrium conformation, the dipole moment remains essentially zero 0.04 DEBYE) . Therefore, even if it were possible to observe sizeable vibrational level splittings via microwave spectroscopy in this case, which it most probably is not, the line intensity would be too low for detection. 50 A nonanalytical valence bond treatment leads to a fivefold periodic barrier of 24 cal/mole on the lower energy surface and a total JAHN-TELLER energy decrement of angular dependence, similar in form to cos 5 <p2 . Since the height of the lower sheet saddles (~ 1 cal/mole) and the magnitude of the upper sheet periodic fluctuations are small, the angle <p2 is essentially a cyclic, i. e., an ignorable coordinate 50 . In Figure 4 , case k2 = 0, we have depicted this latter situation. The adjunctive nuclear movements are displayed, in physical space, in Figure 3 .
§ 3. The Benzene Plus One Ion
Since, as we have noted earlier, the cyclopentadienyl radical and the benzene plus one ion are isoelectronic, we may, without further ado, appropriate equations (49) - (56) of § 2 and apply these immediately to the case at hand, the monopositive benzene ion. There then remains only the task of extremizing equation (45). This extremization is readily executed if, as was done in § 2, we equate the noncomplex symmetry coordinates ^V0 and to q0 and qs, severally, and therefore avoid explicit mention of their two-valued phase angle <pt = 0, ji, (f = 0,3), in the algebra which follows. The ensuent extrema are thus found to lie at 33 The numerical computations of equilibrium bond distances and energies follow closely the procedure outlined for the cyclopentadienyl radical 33 ; and the results achieved are equivalent to those tabulated in Table 3 of ref. 14 51 .
As in the case of the cyclopentadienyl radical, the potential energy surface associated with the ~ 9.3 kcal/mole (this method could easily by made analytical by use of the appositive valence bond adaptation of the LENNARD-JONES approximation -peruse Section I) 14 . This is to be compared with the above molecular orbital JAHN-TELLER energy depression of 1.6 kcal/mole, obtainable from equation (58).injurious e^g nuclear excursions is of two sheets, the lower sheet exhibiting three minima and three saddle points dispensed at <p2 equal to 2mJi/S and (2m+l) ji/3, severally; and the upper sheet displaying but a cusp at the origin. The upper surface is of conical shape, but modulated by a periodic angular dependence somewhat of the type cos 3 cp2 (eye Figure 4, case k2J= 0) . The altitude of the bottom surface barriers is computed to be 139 cal/mole (48.6 cm -1 ) and is thus small in comparison with the zero point energy 5253 of ~ 500 cm -1 . The reckoned JAHN-TELLER energy gain is ~ 1.4kcal/mole, or ~ 490 cm -1 , which is of the same order of magnitude as is the zero point energy 54 . To better see the algebraic structure of the potential energy in the ^±2 plane we set qi, (£=£2), equal to zero in equation (54). And to emphasize the pheomenological aspects of our theory we substitute for the determinable constants 2 w, 6, and a the phenomenological parameters \ k0, kt , and k2 : AE = h k0 qZ + q2 ]/Äf -f ko qz + 2 kt k2 q2 cos 3 <p2 .
(61)
From the simple molecular orbital standpoint the quantities kj, (/ = 0, 1, 2), are fixed once and for all, but more mature thought evinces the fact that this viewpoint can be but indicatory. The true import of this theory's predictions lies solely in its qualitative conclusions, its symmetry designations. Therefore, little a priori can be said as to the dynamical stability of a monopositive benzene-like system, other than what is pictured in Figures 4 and 5 55 . These figures show that when both kt and k2 are large, the molecule will be permanently distorted; when k1 and k2 are small, the system will undergo complex nuclear motions which, on the average, yield an undistorted geometry; when kt is large and k2 small, the compound will exhibit large amplitude oscillations which interconvert the three distorted conformations and yield a mean symmetrical configuration; and so forth. For further discourse concerning the dynamical ramifications of this problem peruse Section V. § 4. Benzene
Within the tenets of single configurational antisymmetrized molecular orbital theory, a one electron vibronic perturbation can not lift the degeneracy of the 1 Eiu state of benzene. Therefore, any noncorrelative theory of benzene predicts no JAHN-TELLER The hundred-fold barrier height difference between the cyclopendatinenyl radical and the benzene plus one ion arises from the fact that the determination of the extremal value of the phase angle <p2 can not be made by setting all the amplitudes qt, (f 2), equal to naught in the former molecule. Therefore, the JAHN-TELLER instability is of a lower algebraic order for the benzene plus one ion than for the cyclopentadienyl radical. In more physical language, the energy cannot attain a large maximum whilst fluctuating with five-fold rather than three-fold periodicity. 54 A valence bond estimate of this JAHN-TELLER energy profiit
is not yet available because of the difficulties inherent in such a computation 14 . 55 The ascertainment of the nature of the above determined extrema follows closely the discussion presented by C. J.
BALLHAUSEN and the author in the appendix to their recent paper on octahedral complexes 7 .
56 With the introduction of both correlation terms and spatially varying atomic orbitals 28 , JAHN-TELLER instability becomes a possibility. Although this unstableness may be evaluated by use of the PARR approximation (scan Appendix III of Paper I) 2 , we shall not here do so, as a far more interesting and far more effective means of inducing a destabilization of the hexagonal conformation of benzene still exists inside the LENNARD-JONES approach used in antecedent paragraphs. (28) and (29) is analytically extended via equation (26), the perturbation array which links the state functions 0T{xi,3a)
of the {T = u), and , (T = x,y), electronic configurations obtains the form
where K represents the quantity AVTT» (T = u,x,y), of equation (20). In the LENNARD-JONES approximation, equation (26), both K and the extended A may be scribed as
with AVij, (i, j = i 1), as defined in equation (50) [for benzene pu,u +1 is one-half]. The eigenvalues of the secular determinant (62) are easily seen to be
and the appositive eigenfunctions are therefore
where # is the argument of A (arg A). Whenever A is sufficiently well described by its linear term alone [inspect equations (47) and (50)], $ may be reduced to the basal phase angle -[<p2 -{2JI/3)].
The extremization of the characteristic energy values, equation (64), is trivial: all that need be 57 The bond lenghts at the three saddle points (Ü2h) are interchanges of 1.436 and 1.349 Ä for ar01, x23 , x34 , and x05 ; and xl2 and xi5 , individually; the symmetry coordinate moduli qt/y6, (f = 0, 1, 2, 3), are 0.006, 0^ 0.029 Ä, done is to recognize that equations (53) and (64) become identical if for a and b we write a and b in equation (54), where a and b' are ersatzen for 2 a and 2 b, distributively. The benzene poser then becomes formally the same as the benzene plus one problem, and the extrema are as they appear in equations (59) and (60), when all explicitly appearing a and b are replaced by a and b'. Numerical evaluation shows the three sets of equilibrium (Dgh) bond distances to be permutations of 1.372 and 1.480 Ä for xüx , x23 , X34 , and x05 ; and x12 and x45 , separately 57 . The accordant pseudo JAHN-TELLER energy decrement is 7.176 kcal/mole, and the symmetry displacement amplitudes qtjj/6 , (1 = 0, 1, 2, 3), are 0.008, 0, 0.036 Ä, and 0, apiece. The trilogy of potential surfaces emanating from equation (64) are drawn in Figure 6 . The nuclear jaunts consonant with the lowest potential sheet are as displayed in Figure 5 . As the energy depression at the saddle points is 5.731 kcal/mole, the saddles Fig. 5 . A pictorial representation of the permissible £2g nuclear displacements of the benzene plus one ion. The small darkened circles indicate the three equivalent (distorted) static equilibrium conformations, and the heavy lines represent the saddle points which sequester these. The equilibrium (Ü2h) configuration corresponding to <p2 -Q is given by the dashed trace, and the path along which it interconverts [look also at Fig. 4 or 6, case k2 =f= 0] is indicated by the heavy arrows. This interconversion affects the appearance of a "pseudo rotation".
and 0, consecutively. The computed LENNARD-JONES equilibrium bond length for the hexagonal shape (D6h) is 1.4006 Ä . Fig. 6 . The triplex of electronic energy surfaces for the x Biu and 'Eiu states of benzene. The energy crosscut is the same as that described in Fig. 4 , and the minima and saddles are similarly located. The sheet marked E0 is the potential surface which belongs to the undisturbed (Dßh) component of the 1 Eiu configuration, W0 [perceive equations (64) and (65) ].
form a "rotational" barrier of elevation ~505 cm -1 on the bottom sheet. Thus, in sharp contrast to the cyclopentadienyl radical and the benzene plus one ion, there exists a strong possibility that the vibrationally quiescent '^B^" state is deformed (D2h (61)], of the conformational complexities of the benzene 1 Blu and 1 Eiu energy levels is quite analogous to that given for the monopositive benzene ion ( § 3), whereto the reader is referred.
V. Dynamical stability considerations § 1. Theory
A system is said to be dynamically stable if it is mechanically constrained to oscillate about some fixed nuclear conformation. This situation will obtain, in general, only if there exist no vicinal electronic dispositions of disparate geometry. 1958, pp. 127-38. 59 Since the BORN-OPPENHEIMER evolvement is a modified persuch unlike structures are statistically attainable via phonon excitation, the molecule will resonate between the two, or more, dissimilar nuclear arrangements by means of the rapid interconversion of the vibrational and electronic energies. Quantum mechanically, this circumstance implies that the BORN expansion 58 , 0(r,, 3.) = 2 ^(r*, 8«) Njf (3«),
M, k rather than the BORN-OPPENHEIMER development 5 should be used [since extreme care must be exercised to eliminate all vibronic interactions which are the same order of magnitude as the electronic energy separations] 59 . In equation (66) the quantities, M (r,-, 3a), are the equilibrium electronic wave functions of the M th electronic configuration [distorted or undistorted, as the case may be], and the Njf (3a) are the associated nuclear wave functions of excitational degree k. Unfortunately, the determination of the pertinent nuclear density functions Njf (3a) is very difficult to procure for a JAHN-TELLER deformed potential energy surface (Figures 1, 4, and 6 ). Several circumventive schemes to resolve this encumbrance will be outlined shortly. What we now wish to underscore is that in the event that the JAHN-TELLER energy depression is large compared with typical vibronic matrix elements [which are of the order of the zero point energy of the oscillation under consideration], the summation in equation (66) reduces to a single term and the usual adiabatic approximation applies. § 2. The Cuspidal Expansion
The first method of making equation (66) tractable is to replace the deformed electronic distributions, W, 3a), with their (symmetrical) progenitors &m{Vi, 3a) J and the nuclear dispositions A^(3a) by harmonic oscillator forms. If this course be tread for the cyclopentadienyl radical or the benzene plus one ion, the appropriate characteristic functions would be 0±i(ri5 30), and the conjoined vibrational functions would be, under the dual assumption that +2 is a normal coordinate and that only this mode need be considered,
where q2 is the dimensionless amplitude(o)ju/h) 11 ' q2, Anj is a normalization factor, and £(W+z)/2 (<?1) is an associated LAGUERRE polynomial 60 . We have attributed an effective mass of // and a circular frequency w to the "normal mode" JV±2 61 . Further, the neglect of quadratic contributions in the copulative perturbation AV1_1 of equation (50) demonstrates that the proper linear combinations of vibrational wave functions with which to multiply the Oj, (/ = ± 1), are to be determined from a secular determinant whose matrix components are (n l'\q2e ±i <r*\nl).
Direct computation by means of the integration formulae of KEMBLE 62 or MOTT and SNEDDON 63 render these matrix elements to be
I ff+i CiVn^J+2 l/fe/2/^o I
The solution of the issuant infinite secular determinant is complicated, but has been accomplished; some qualitative features of the solutions have also been underlined 15 .
It is to be noted that the permutational symmetry of the nuclei allow a strict classification of the energy levels. Under the permutation operator ( <Sn, which induces a cyclical interchange of adjacent nuclei (a "rotation" of the n-polygon by 2 Ji/n), the electronic functions, , (/'= ±1), obtain a phase e2n ijin an(j the nuciear functions, Nnj, the phase e 4 *' l,n . Since the symmetry operator ^n commutes with the HAMiLTONian, the total molecular wave functions (/= i 1), transforming as e(2 i+j) 2 n tin ^ cannot "mix" if they possess unequal values of 2l + j(modn).
In the linear vibronic theory now under fire, only states satisfying the relation Al=+1 have nonzero matrix linkages; hence, the modulo n qualification is inoperative and no states of different 2/ + /, (/= ±1), may interact. Furthermore, the complex conjugacy of Q2 i + j and + requires all levels to be doubly degenerate 64 . Note that this division of energy levels is not a consequence of angular momentum (circular symmetry), but a consequence of permutational symmetry: the electronic functions Qj, (/ = i 1), do not possess a true angular momentum, and the oscillator functions exhibit an angular momentum of I (not 2 I) only in the naive theory of vibrations utilized here.
We terminate our remarks on this method with a word of caution -the series expansion (66), when performed about the potential cusp (Figures 1, 4 , and 6) is fraught with danger, especially if the JAHN-TELLER coercions are large. The rapid induced distortion of both the electronic and vibrational wave functions, which is suppressed in such a development, can lead to serious computational errors. Indeed, the evolvement (66) presupposes, that the electronic wave functions WM(Xi, §>a) are intimately associated with a unique potential energy surface, and that the nuclear distributions A^(3a) describe the nuclear movements upon this surface 58 . In the next paragraph we shall outline an approach which more nearly fulfills these requirements. § 3. The Extremal Development
The second mode of attack is to employ undeformed electronic eigenfunctions which exhibit symmetry properties analogous to those of the distorted functions, WM (r,, 3a) ; that is, undeformed wave functions which belong to a subgroup which is identical with the total group of the true distorted functions. In conjunction with these functions, we utilize nuclear distributions which are characteristic of the less symmetric geometry. To illustrate this procedure we again consider the cyclopentadienyl radical and the benzene plus one ion. The correct undeformed functions are and ®y (ti, 3a) ; that is, AV"
These potential surfaces are traced in Figure 7 . We see that these wave functions are extremal and describe nuclear luxations which are harmonic about the displaced configurations S8a equals
individually, and about S8b equals zero.
If we let S$a and Sga measure nuclear treks from the displaced origins of 0 X and ©y, separately, the nuclear distributions A^f(ioa), (M = x,y) , become the harmonic oscillator functional products
K. (S'sa) K (Sst) and hl (S'sa) M (S8b).
As the vibronic disturbance AVxy, in jV+2 space, is given by 60
we descry that the vibrational sum in equation (66) will only be over This statement is only correct if q; is naught for f 2 .
When the terms q0 , qy , q3 are included, the vibrational problem becomes quite complex.
VI. A vibronic interpretation of the benzene ultraviolet spectrum § 1. The Near Ultraviolet Band Systems
The vibronic particularization of the 1 B.2U absorption band at 2600 A has been accomplished both experimentally 52 and theoretically 2 ' 6 to a high degree of satisfaction. The sole remaining point of puzzlement is the theoretical specification of the vibrational intensity pattern within this transition (nota bene Section VII). Things are not nearly so lucid for the 1 Btu and 1 Ei" optical jumps lying at 2000 and 1800 A, singly, however. An exemplification of this circumstance is to be found in the critical survey of the structure of the second excited singlet state of benzene by DUNN and INGOLD 67 . These authors exhaustively examined the alternative assignments of the 2000 Ä band system, and their consequences, and conclude that, as geometrical irregularities of the JAHN-TELLER variety are experimentally suspect, this spectral absorption belongs to a degenerate species. They have suggested that perhaps the valence bond appointment of this absorption 68 , 1 E2g, is the correct one after all. The commensurate antisymmetrized molecular orbital designation [before configuration interaction] seems unambiguously to be x Biu 69 . In view of this situation, it appears proper at this time to review the critique of DUNN and INGOLD in the light of our present knowledge of the vibronic nature of the 1 Bju and 1 Eiu states.
We have seen in Section IV, § 4 that the proximity of the 1 Blu and 1 Elu electronic configurations implies a peculiar vibrational-electronic energy reciprocation. In fact, this propinquity not only induces a JAHN-TELLER separation of the otherwise "stable" 56 x Elu benzene level, but also effects a noteworthy destablization of the hexagonal conformation of the benzene 1 Blu electronic disposition (Figure 6 ). These conclusions remain valid even if the assumption of chance degeneracy is replaced by simple juxtaposition. Therefore, both the needful stability of the distorted M1 Biu" geometry to vibrational excitations of a few quanta and the medium quantal 
18, 1561 [1950],
interconversion of the three equivalently distorted shapes are provided by normal molecular orbital considerations 70 . Moreover, the double peakedness of the strong 1800 A optical shift, Ml Elu" , is explicable on the basis of the drastically different energy surfaces of the two Ml Eiu" component distributions (Figure 6 ). The rather large JAHN-TELLER energy depression of the al Biu" configuration and the absence of vibronic catenations betwixt the two 1 Elu fragments, hints that the adiabatic viewpoint may be applied individually to these three separate electronic configurations. Surely, if this hope be not fulfilled, we yet have recourse to the theory of Section V.
Of course, the remarks of this paragraph do not settle the controversey over the second singlet absorption band of benzene: quite to the contrary, they reopen doors that might best have remained shut. Like PANDORA, however, the late Professor MOFFITT and the author could not contain their curiosity, and have thereby inadvertently loosed the twin evils of discord and strife upon the scientific community. § 2. The RYDBERG Progressions
The high dispersion vacuum ultraviolet investigations of WILKINSON 16 have uncovered four RYD-BERG sequences in the far ultraviolet spectrum of benzene, and have thus removed a considerable amount of the perplexity which surrounded PRICE and WOOD'S 71 preliminary sequestration of this spectrum into but two RYDBERG successions. A tentative theoretical assignment of the four RYDBERG series of WILKINSON, consonant with his speculations and experimental criteria 72 , has been proposed by the late Professor MOFFITT and the author 17 . In this paragraph we wish to amplify their discussion and point out several mystifying features which still nettle.
If the real 2 Elg wave functions of the benzene plus one core, ©r(rt-,3a), (T = x,y), of Section V, § 3 are utilized, and the RYDBERG hydrogenic orbitals are denoted as n pt, (t = x,y,z) 74 . These JAHN-TELLER interactions, both real and pseudo, are described by the matrix element AVxy of equation (70). However, it transpires that the pseudo interaction does not serve to lift either the happen stance degeneracy of the 1 A2n and J Aiu states nor the essential multiplicity of the 1 E2U components. What does occur is that the " 1 E2U" configuration is energetically separated from the '^Aiu" and w1 A2U" dispositions, as shown below 75 AE±=%{AVxx + AVyy) ±\AVxy\
• character. If the neglect of correlative variations is remedied, the two ^u components, W^1' 2 \ vibronically alternate, and consequentially indirectly amalgamate the '^Aiu" and " 1 A2U" distributions, as requested. The fretful thought that these self-same electron repulsion terms also tend to annihilate the accidental contiguity of the three states in question, however, yet remains. This reflection leads to the alternant idea that perhaps the 1 Aiu level is not seen at all, and that the " 1 A2U" and a split " 1 E2u" configurations are alone visible. Either interpretation of the n R ,', " consecutions suffices to explain the presence of long progressions of the £2g mode.
On the other hand, if a dynamical (Section V, § 3) rather than the above statical (a la Section IV, § 3) approach is adopted, the quite complex developments of Section V are necessary. Nonetheless, the main conclusion stands unchanged: only the 1 E2u distribution may attain allowed electronic 1 A2u attributes in an elementary way [the orthogonality of the hydrogenic orbitals npt, (t = x, y, z), eliminates the possibility of procuring 1 Eiu character]. We are at liberty to verify this statement by use of either the cuspidal or extremal evolvements. The cuspidal distention, which we shall not consider further, involves the same wave functions as in equation (71), with Qf, (T = x,y), and n Pt» (t = x > y> z), reformulated in terms of their complex representations. An extremal expansion utilizes the charge density functions of equation (71) at once. If, for illustrative purposes, we confine the summation over all £2g vibrational quantum numbers to zero and one, we find, to a rough approximation, that &t JJ h0(Sk) must be replaced k seriately by [T = x,y ; J = y,x] 76 :
k*8b (73) And the substitution of these new expressions for @tn^oi^k) into equation (71), with the concomik tant sifting out of those linear combinations of wave functions which are equal to proper vibronic sym-75 In the linear approximation, equation (70i) yields A Vxy/\ A Vxy | as the sign (5s&), and the entire problem takes on a startling resemblence to that of cyclobutadiene (Figures 1 and 2 
At this juncture it is profitable to point out that equation (75) is also derivable from (56), to within a phase factor; and that equation (74) will collapse into (61) if use is made of the definitions of Sga.b as given in Figure 4 Ssa = -V2 g2 cos (<?2 + y) 5
78, 79
Sgb = -V2 q2 sin + It is thus evident from the homology of expressions (61) and (74) that the consequences of the JAHN-TELLER theorem for the 1 EIU RYDBERG parade are the same as those for the 2 EJG state of the monopositive benzene ion, and so the entire statical (Section IV, § 2 and § 3) story for the benzene plus one ion may be uprooted and replanted here with complete impunity. We may therefore safely say that the 1 Eiu hydrogenic states of benzene will be characterized by strong progressions of the £2g normal mode, as is observed 16 ' 17 .
An interesting result is obtained if we examine the form of the extremal expansion of the 1 ELU dynamical wave functions. This development employs matrix elements identical to those of the 1 Aju, 1 A2u, and j E2u configurations, with the exception that the displaced origin of the Ssa nuclear coordinates ' 6 (Section V, § 3 and Figure 7 ) reduces all such elements by a factor of ~ e -2 . This circumstance results in a diminution of the blending constants of equation (73) A solution of this sort neglects connectives to states other than the ground oscillational distribution. The two configurations listed in equation (76) are separated by ~45 cm -1 due to the initial separation of the extrema of ©T , (T -x,y) , portrayed in Figure 7 and equation (69). It is possible that this splitting, induced by the quadratic JAHN-TELLER contributions of equation (69), can explain the observed "ionization doublet" of width ~55cm -1 in the far ultraviolet spectrum of benzene 16 . A word of caution must be spoken, however -this cleavage of the lowest vibronic energy level is characteristic of the extremal expansion only; the cuspidal distention produces no such division of the ground vibronic state, even upon the addition of terms quadratic in the £2g symmetry coordinate, 80 As the cuspidal evolvement treats all carbon atoms equivalently, it will always possess solutions which are simultaneously eigenfunctions of the permutational operator %n of Section V § 2 and the HAMiLTONian operator J? (rj, 5a). Hence, its ground vibronic state will always be doubly degenerate (also see the discussion of the late Professor nal integrals 81 . In this event, the radial nuclear distributions may be approximated by those of a displaced one-dimensional harmonic oscillator, and the emergent integrals can be evaluated by means of the overlap formula of CRAIG 82 . We have seen in Section IV, § 3 51 that the JAHN-TELLER radial displacement is from 0.03 to 0.04 Ä in magnitude. If, for the sake of definiteness, we pick the radial amplitude <72 to be ~ 0.03 Ä, and the ground and excited state £-2g luxational frequencies to be 606 and 680 cm -1 , severally, we forecast the 0 -0, 0 -1, 0 -2 JAHN-TELLER £2G vibrational series to have intensities in the ratio of 1 : 0.11 : 0.006, in good agreement with experiment 83 .
As with the pronouncements of the Delphic Oracle, the author's rationalizations concerning the benzene RYDBERG spectrum are laden with equivocalities and ambiguities. However, it is sincerely hoped that the positive suggestions made here will prove helpful, either in an explanative, stimulative, or vexatious capacity; for an answer reached without contention ofttimes is really no answer at all.
VII. Valediction § 1. A Physical Model
In so complex a subject as nuclear and electronic reciprocation, it is often difficult to cull the chemistry and physics from the artificiallity of the necessary mathematics. Fortunately for us, there exists an informative analogy which permits the removal of the chaff from the seed: the homomorphism of the theory of elementary particle scattering and the theory of vibronic interactions. Although this similarity is quite general, for purposes of lucidity, we shall confine our comments to monopositive benzene-like systems, describable by two charge density functions, &T , (T = x,y).
Let us imagine our system to be situated in the V, v' at the time* [notation as in Section V, § 3]. This expression has the following interpretation: it is the probability that the benzene plus one ^-electrons will be scattered from the configuration 0X to the configuration Qy by the ejection or incorporation of a phonon of energy h co. The true state of the system, after the attainment of statistical equilibrium, will comprise a superposition of the various nuclear dispositions of 0X and 0 y , each differentiated from the other, in the linear approximation, by one quantum of energy of the displacement Sgb . We can therefore no longer speak of an electronic or vibrational state of the system, but can only talk of the "vibronic" configuration of the molecule.
This self-same depiction serves also to singularize the strength of HERZBERG-TELLER absorption bands. For these band systems we have two probabilities to coalesce: (1) the probability that our initial state, N say, has acquired allowed electronic attributes due to a vibronic disturbance, AV^M ; and, (2) the probability that it will absorb or radiate whilst possessing this allowed quality. Such a composition yields an intensity formula identical with equation (13) . With a physical model of this sort for intension "pilferage", it is relatively easy to perceive that, since the total intensiveness depends upon the total probability that an electron will be scattered into a new electronic spatial distribution, and hence, upon the integrated scattering cross section, it will be fairly insensitive to the structure of the perturbing or scattering potential, AV. But, contrarily, the detailed dispersal of intension amongst the sundry vibrational levels, which corresponds, in our analogy, to the angular dependence of the scattering process, will be highly subject to the exact specializa- 
Animadversions, and Amplifications
At this locale it must be confessed that a bit of chicanery has been practiced in the presentation of the dynamical portion of the JAHN-TELLER theorem. With the single expection of the benzene intensity calculation (Section III, §1), symmetry displacements have been surreptitiously called normal coordinates. To illustrate the fallacy of this identification one need but notice that for benzene, and to a poorer approximation the benzene plus one ion, the symmetry coordinates Sgj, (j = a,b), are conjoined to the correct normal modes Qhj, (k = 6, 7, 8,9; j = a, b) , by the relation 0.1 Q6j -0.06 Qy -0AQ8j-0AQ9j 2 ' 33 .
Therefore, it is the 1585 cm -1 benzene oscillation, Qg,, and not the 606 cm -1 vibration, QQJ , which contributes most effectively in our proximate intensity and stability computations! The reason for this occurrence is very clear -our treatment omits all carbon-carbon angle bending perturbations. The inclusion of these disturbances should yield the expected prediction that it is the low frequency carbon-carbon luxations Qei, (j = a,b) , which play the predominant role in vibronic problems of the type considered here. A step in this direction would be accomplished, if one inserted the coulombic interactions,
